Aims. We obtained spectra for two giants of Crater (Crater J113613-105227 and Crater J113615-105244) using X-Shooter at the VLT, with the purpose of determining their radial velocities and metallicities. Methods. Radial velocities were determined by cross-correlating the spectra with that of a standard star. The spectra were analysed with the MyGIsFOS code using a grid of synthetic spectra computed from one-dimensional, local thermodynamic equilibrium (LTE) model atmospheres. Effective temperature and surface gravity were derived from photometry measured from images obtained by the Dark Energy Survey. In addition to the iron abundance, we were able to determine abundances for nine elements: Na, Mg, Ca, Ti, V, Cr, Mn, Ni, and Ba. For Na and Ba we took into account deviations from LTE because the corrections are significant. The abundance ratios are similar in the two stars and resemble those of Galactic stars of the same metallicity. In the deep photometric images we detected several stars that lie to the blue of the turn-off. Conclusions. The radial velocities imply that both stars are members of the Crater stellar system. The difference in velocity between the two taken at face value implies a velocity dispersion > 3.7 km s −1 at a 95% confidence level. Our spectroscopic metallicities agree excellently well with those determined by previous investigations using photometry. Our deep photometry and the spectroscopic metallicity imply an age of 7 Gyr for the main population of the system. The stars to the blue of the turn-off can be interpreted as a younger population that is of the same metallicity and an age of 2.2 Gyr. Finally, spatial and kinematical parameters support the idea that this system is associated with the galaxies Leo IV and Leo V. All the observations favour the interpretation of Crater as a dwarf galaxy.
Introduction
The compact stellar system Crater has been independently discovered by Belokurov et al. (2014) from the AT-LAS ESO VST survey 1 (Shanks et al. 2013 ) supplemented with deep imaging with the WHT 4m telescope, and by Laevens et al. (2014) from the Pan-STARRS1 Survey 2 (Chambers & PS1 Science Consortium 2015) , supplemented by deep photometry with ESO/MPG 2.2m telescope. Laevens et al. (2014) referred to the system as PSO J174. 0675-10.8774 , in the present paper we adopt the naming proposed by Belokurov et al. (2014) , which is more in line with the current convention of naming new dwarf galaxies from the constellations in which they reside: Crater. The two investigations substantially agree with respect to the distance of the system: between 145 kpc and 170 kpc for Belokurov et al. (2014) and 145 kpc ±17 kpc according ⋆ based on observations taken at ESO Paranal with the Kueyen telescope, programme 094.D-0547 ⋆⋆ MERAC fellow 1 http://astro.dur.ac.uk/Cosmology/vstatlas/ 2 http://pan-starrs.ifa.hawaii.edu/public/ to Laevens et al. (2014) . They also agree on the estimate of the metallicity of the system: < −1.8 according to Belokurov et al. (2014) , −1.9 according to Laevens et al. (2014) . However, the two investigations depart significantly as to the nature of the stellar system. Belokurov et al. (2014) interpreted it as a dwarf galaxy satellite of the Milky Way, although the hypothesis that it is a peculiar globular cluster (GC) is also discussed. This interpretation is supported by the existence of a few bright blue stars present within in the stellar system, which can be interpreted as young blue-loop giants, resulting from a recent star formation episode. In addition, in support of the dwarf galaxy interpretation, Belokurov et al. (2014) pointed out that the horizontal branch (HB) of the system is quite red and not very extended: such a morphology of the HB is not compatible with low metallicity. Low-metallicity GCs show HBs that are very extended to the blue. Laevens et al. (2014) instead interpreted the system as a distant GC, for which they derived a precise distance, metallicity, and age (8 Gyr) . If this interpretation is correct, then the bright blue stars observed in the system are either blue stragglers or non-members. It should be stressed that no other such "young" metal-poor GC has been observed to date. Such a system could Fig. 1 . Colour-magnitude diagram in g and r bands of the Crater stars within 50 ′′ . 0 from the centre, based on the DES public images. The two target stars are identified as large green dots. Overplotted are shown two PARSEC isochrones for a 7 Gyr and a 2.2 Gyr old stellar population. A reddening correction of E(B-V)=0.023, as deduced from the maps of Schlegel et al. (1998) , has been applied to the isochrones. Fig. 2 . Portion of the X-Shooter normalised spectra of the two stars, R.I. is the residual intensity. The spectrum of Crater J113615-105244 has been displaced vertically by 0.5 for display purposes. Only lines that have been used in the abundance analysis are identified.
have been formed in a currently disrupted satellite galaxy and now been accreted to the Milky Way halo.
In this Letter we present the result of spectroscopic observations of two of the brightest giants of Crater. Our main motivation was to determine radial velocities and metallicities for the two stars. Crater stars selected along the stellar sequence; the filled circles represent the counts corrected for foreground contamination using the colourmagnitude diagram. The solid line is the best-fitting King model (King 1966) , and the position of the tidal radius is indicated by a downward arrow.
Target selection, observations, and analysis
In the two photometries presented by Belokurov et al. (2014) and Laevens et al. (2014) , two luminous red giant stars are visible at g≈ 20 at ≃ 2 mag over the HB. From our previous experience with X-Shooter and the Exposure Time calculator, we estimated that the stars were bright enough to obtain a spectrum suitable for measuring radial velocities with X-Shooter and determine abundances in about four hours of exposure for each star. We retrieved g, r public images from the ESO archive and catalogues of Data Release 1 of VST ATLAS and used them to identify the stars and provide the coordinates used for the observation. Since magnitudes in the catalogue were obtained with aperture photometry, we ran DAOPHOT/ALLSTAR on the released images to extract PSF photometry to improve the coordinates and photometry of the targets, which are already at the detection limit. The final photometry was corrected for illumination using the ATLAS DR1 catalogue.
We subsequently retrieved public g, r deep images observed in the course of the Dark Energy Survey (DES) (Abbott et al. 2005; Diehl et al. 2014 ) from the NOAO Science Archive 3 . We used two images, obtained from the stacking of several short exposures, for each band for a total time of 6240 sec (3720+2520). The seeing of the images is quite good ≃ 0.8 ÷ 0.9 arcsec. We extracted PSF photometry with DAOPHOT/ALLSTAR and used the multiple exposures to obtain a deeper photometry with ALLFRAME. The final g,r catalogue was calibrated with the ATLAS DR1 photometry, which is tied to the APASS system Munari et al. 2014) . Magnitudes are AB magnitudes and should be on the DECAM system. The DES adopted photometry was used to create the g,r colour-magnitude Fig. 1 , where the two observed stars are highlighted in green. Coordinates and photometry for our stars are given in Table 1 . The two stars are quite centrally located in Crater. Our observing programme was to observe each star with X-Shooter (Vernet et al. 2011 ) with the Integral Field Unit, which re-images an input field of 4"x 1.8" onto a pseudo slit of 12"x 0 ′′ . 6 (Guinouard et al. 2006) . Four observing blocks (OBs) of one hour each should have provided 12136 s of integration on each star as well as a resolving power of R=7900 in the UVB arm and 12600 in the VIS arm. Four OBS on Crater J113613-105227 were executed, but only two OBs on Crater J113615-105244. Although with a lower S/N than we had expected, the latter spectra turned out to be of sufficient quality for our analysis. The spectra were reduced as described in Caffau et al. (2011) . The S/N ratio of the coadded spectra at 530 nm was about 60 for Crater J113613-105227 and about 40 for Crater J113615-105244. A portion of the spectra is shown in Fig.2 .
Photometry
We used the DES deep photometry to measure the size of Crater. From the colour-magnitude diagram we selected Crater stars brighter than r = 25.0 (i.e. ≃ 1 mag below the turn-off, TO) along the old stellar sequence taking into account the local errors in colour, and we used this sample to determine the centre of Crater. We excluded the blue stars above the TO and counted the number of stars per unit area in radial annuli as a function of distance from the centre. The results of these counts are shown in Fig.3 . We fitted a King model (King 1966 ) to these number counts, and the results of our best fit are provided in Table 2 . These compare well to what was determined by Laevens et al. (2014) assuming a King model, although we point out that we derived a smaller core-radius and a larger (almost a factor of 2) tidal radius. The reason is probably that DES photometry is deeper than the WFI photometry of Laevens et al. (2014) . The colour-magnitude diagram shown in Fig. 1 for the stars ≤ 50 ′′ . 0 or ≤ 1.9 core radii from the centre confirms that the dominant population of Crater is of intermediate age. The PAR-SEC isochrones of the Padova Group (Bressan et al. 2012) in the DECAM AB system for a metallicity of [Fe/H]= −1.5 (Z = 4.5 × 10 −4 ), and reddened for the extinction expected for Crater from the Schlegel et al. (1998) maps, are in favour of a younger age of ≃ 7 Gyr compared to the analysis of Belokurov et al. (2014) . We do not see a very young population of ≃ 400 Myr, but the good seeing and cleaner photometry allow us to identify a population of objects ≈ 1.5 magnitudes above the turn-off region. We visually inspected these objects to verify that they are not background compact galaxies or image artefacts, and they all appear to be stellar objects. The younger population is compatible with an age of ∼ 2.2 Gyr and the metallicity is compatible with the one of the main population. A population of blue stragglers with a mass of ≃ 1.4 M ⊙ . might account for some of the younger potential MS population, but the almost horizontal track of points heading toward the sub-giant branch does not follow an expected blue-straggler locus. With our analysis we measured a distance modulus of (M-m) 0 = 20.91 ± 0.1 mag or a distance of 152 kpc, confirming the distance found by the previous authors.
Radial velocity
We measured the radial velocities given in Table 1 by crosscorrelating each individual exposure in the UVB arm against the X-Shooter spectrum of HD 165195, taken from the X-Shooter spectral library (Chen et al. 2014) . This star has atmospheric parameters quite close to our programme stars. We then applied the barycentric correction to the radial velocities and added a zeropoint correction. The zero-point correction was derived for each exposure from the [OI] 577.7 nm atmospheric emission line. The zero-point corrections are probably due to a combination of flexures in the spectrograph, variation in temperature, and pressure in the surroundings with respect to when the calibration Th-Ar was taken, as well as centring of the star on the IFU. The use of an emission line is not optimal for this purpose, since the illumination of the slit is different for the sky emission and for the star, but we do not have strong enough telluric absorprion lines to use in the UVB arm. Interestingly, Schönebeck et al. (2014) have performed several measurements of the [OI] 577.7 nm line at different positions on the slit on X-Shooter slit spectra, and the dispersion of their measurements is of only 0.6 km s −1 . We cannot make use of the VIS spectra for the radial velocities for two reasons: since the stars are metal-poor, there are few lines in the VIS range, and the observations were made by tracking at 470 nm, thus the UVB spectrum is expected to remain well centred, while the VIS spectrum probably shows larger deviations during the exposure 4 . Then we computed a weighted average of the radial velocities, with weights that are proportional to the number of counts in the spectrum in the region 490-550 nm. The use of a straight average changes the mean by less than 0.1 km s −1 . Measuring the radial velocities on the indivudal spectra has the additional advantage that the dispersion in the measurements provides an estimate of the error. For Crater J113613-105227, this is 4 km s −1 , while it is 0.4 km s −1 for Crater J113615-105244. We take the former as our error estimate, since the spectra were taken on three different nights and probe different instrument flexures, ambient temperature, and star centring, while the two spectra of Crater J113615-105244 were taken on the same night, one after the other. The latter do provide an estimate of the statistical error in our radial velocity measurements. Our error estimate is in line with the quoted accuracy of the calibration of the X-Shooter UVB and VIS arms (Goldoni 2011, 2 km s −1 ). The difference in radial velocity, 10.2km s −1 , allows us to confirm that the two stars belong to the same stellar system. This was expected because the stars are near the centre of Crater, as can be appreciated in Fig.4 . The average radial velocity of Crater is 139.2 ± 4. km s −1 . The radial velocity in the Galactic standard of rest is v(GS R) = −5.7 ± 4. km s −1 using the Dehnen & Binney (1998) correction for the solar motion and a correction for the rotation of the Galaxy of 220.0 km s −1 .
Abundance analysis
To analyse the spectra, we used our code MyGIsFOS (Sbordone et al. 2014 ) and a grid of synthetic spectra appropriate for metal-poor giants, computed from our grid of AT-LAS 12 models (Sbordone et al. in preparation, Kurucz 2005; Castelli 2005 ) covering the metallicity range −3.0 to −1.0. The spectra were computed assuming local thermodynamic equilibrium (LTE). For both stars we adopted the atmospheric parameters as read from the 7 Gyr isochrone that is shown in Fig. 1 . The adopted surface gravites are also supported by the iron ionisation equilibria, even though we have only two Fe ii lines in Crater J113613-105227 and one in Crater J113615-105244. MyGIsFOS is also capable of determining the temperature from the Fe i excitation equilibrium. Since in metal-poor giants the Fe i lines can deviate significantly from LTE (see e.g. Mashonkina et al. 2011, and references therein), we decided that the isochrones and the colour-magnitude diagram provide a more robust estimate of the effective temperature. It is not possible to measure lines on the linear part of the curve-of-growth at the resolution of X-Shooter, thus one has no information on the microturbulent velocity. This parameter, which has to be introduced when using one-dimensional static model atmospheres as done here, depends on the atmospheric parameters. We decided to adopt 2.0 km s −1 for the microturbulent velocity because this was measured by Cayrel et al. (2004) for HD 122563. This star has a T eff and log g similar to our stars, but a lower metallicity. Monaco et al. (2005) derived a calibration of the microturbulent velocity as a function of T eff and log g for metallicities in the range −0.5 to −1.0. Their calibration implies microturbulent velocities ≈ 1.8 km s −1 . For Na and Ba, which are known to be strongly affected by deviations from LTE, we derived the abundances from fitting line profiles with theoretical profiles computed in NLTE with the code MULTI (Carlsson 1986 ) as modified by Korotin et al. (1999a) and Korotin & Mishenina (1999b) . For Na we relied on the Na i D doublet, the model atom used is the same as in Andrievsky et al. (2007) . To derive the Ba abundances, we used the the 614.15 nm Ba ii line for both stars, and for star Crater J113615-105244 we also used the 445.4 nm line. We used the model atom described in Andrievsky et al. (2009) .
The derived abundances for the two stars are given in Table 3 . The effects of systematic errors due to different assumptions on T eff , log g, and microturbulent velocities for star Crater J113613-105227 are clearly visible in Table 4 .
As a check of our method, we also analysed the XShooter spectrum of HD 165195 with MyGIsFOS. We assumed T eff =4500 K, log g= 1.1, and a microturbulence of 1.6km s −1 , as found by Bonifacio et al. (1999) . The derived [Fe/H] is −2.08, very close to what was found by Bonifacio et al. (1999, -1.92 ); this confirms the soundness of our method.
The derived abundances are consistent with the metallicity derived from the isochrone fits. The PARSEC ischrones assume solar-scaled abundances. Our detailed analysis reveals that the stars are instead α−enhanced. Salaris et al. (1993) have shown that for metal-poor stars an α−enhanced isochrone can be mimicked by a solar-scaled one of higher metallicity. Using their prescription and the mean of our measured [Fe/H] and [α/Fe], we find that our stars probably are compatible with an isochrone that is only about 0.1 dex more metal-rich than the one shown in Fig.  1 . This is well within the errors of our abundance measurements and the isochrone-fitting procedure.
Discussion
Our spectroscopic results confirm the metallicity estimated from the photometry by Belokurov et al. (2014) and Laevens et al. (2014) . The abundance pattern of the two stars does not show any signature that distinguishes it from halo stars. The α elements are enhanced over iron, and the iron peak elements follow iron. Na is underabundant by roughly a factor of two with respect to iron in both stars, as found in Galactic halo stars at this metallicity.
The radial velocity of the system is very interesting (see Sect. 2.2). Belokurov et al. (2014) have already pointed out that Crater, Leo IV, and Leo V all lie on a great circle with a pole at (α, δ) = (83 et al. (2010) suggested that Leo IV and Leo V are connected by a "bridge of stars" and could have been accreted by the Galaxy as a pair. Belokurov et al. (2014) suggested that Crater may in fact be a member of the same group of galaxies. Our measured radial velocity and confirmed distance from the DES photometry strongly supports this hypothesis. This is illustrated in Fig.5 , where we show the positional and kinematical properties of the three galaxies, together with the orbits computed by de Jong et al. (2010) under the assumption that Leo IV and Leo V have a common energy and angular momentum.
The association of Crater with the other two dwarf galaxies is evidence that favours the interpretation of Belokurov et al. (2014) . It might be argued that Crater is a GC associated with either Leo IV or Leo V. This would make this whole system very exceptional because with the exception of the Magellanic Clouds, the only Milky Way satellites that harbour GCs are the two most massive dwarf spheroidals: Sagittarius and Fornax. The presence of a GC system seems to be associated with a high mass; it would be very unusual if Leo IV or Leo V, which have masses a factor of one thousand lower than Sagittarius or Fornax (McConnachie 2012), were indeed possessed of such satellites.
The fact that the Galactocentric radial velocity of Crater is so low implies that it is either close to peri-Galacton, or apoGalacticon, or on an orbit that is nearly circular. If the latter is true, or if the star is close to peri-Galacticon, then Crater is spending most of its time at large distances (> 150 kpc) from the Galactic centre, thus minimising the stripping effect of the Galactic tidal field on the gas. This could explain why this dwarf galaxy has been able to retain gas up to at least 2.2 Gyr ago and form a second generation of stars.
The radial velocities of the two stars observed by us differ by 10.2 km s −1 . In Appendix A we show that, ignoring errors on the radial velocity, this implies a lower limit on the dispersion σ v > 3.7 km s −1 with a 95% confidence. Globular clusters are known to have several tight relations that connect their main structural parameters. One of them is the fundamental plane, which involves the central velocity dispersion, central density, and core radius (Djorgovski 1995 ). Another is a relation that involves the total luminosity and the velocity dispersion (Djorgovski & Meylan 1994) . We can therefore compare the velocity dispersion of Crater with those of GCs. For a total luminosity of -5.5 (Belokurov et al. 2014 ) or -4.3 (Laevens et al. 2014 for Crater, we expect a dispersion of 2.5 ÷ 4.0 km s −1 . For a proper comparison, the ageing of the whole stellar population of Crater needs to be taken into account. Crater is about 5 ÷ 6 Gyr younger than the average population of GCs, which is of the order of 12 ÷ 13 Gyr. In the comparison, Crater should migrate at fainter magnitudes while not changing the velocity dispersion, which is barely affected. Although the comparison does not allow a strong disctinction between Crater being a GC or a dwarf galaxy, it certainly does not favour it being a GC.
Dwarf galaxies have dynamical masses higher than the masses estimated from their luminosities (M dyn >> M * ), while for GCs the two masses are of the same order of magnitude. Our proposed lower limit on the velocity dispersion can be combined with the radius and distance of Crater to show that the dynamical mass of Crater is M Crater > 1.5M 47T uc (if we assume the radius measured by Laevens et al. 2014 , > 1.8M 47T uc if we use the larger radius measured by Belokurov et al. 2014 , see Appendix for details). When coupled with the luminosities of Crater (M V = −4. 3 Laevens et al. 2014 ) and 47 Tuc (-9.42 Harris 2010) , this immediately tells us that Crater must contain a significant fraction of dark matter. This consideration could, by itself, answer the question and classify Crater as a dwarf galaxy. Only two stars have been measured, however, which weakens this argument very much (e.g. one of the two stars could be a binary or a radial velocity variable), and more measurements are certainly required to draw a firm conclusion.
Stars bluer than the turn-off may be explained as a younger population, which is another observation favouring the interpretation of Crater as a dwarf galaxy. Although it might be argued that these stars could be blue stragglers, they would appear to be too numerous for the cluster's luminosity. Momany (2015) showed that the logarithm of the ratio of the number of blue stragglers to horizontal branch stars in GCs has a clear anticorrelation with cluster luminosity. This anti-correlation is less tight for open clusters and dwarf galaxies that occupy different regions in this plane. If we count all stars to the blue of the turnoff in Crater as blue stragglers and compare to the number of HB stars (see the two boxes in Fig. 1 ), this would place it in a region of Fig. 6 .4 of Momany (2015) that is mainly populated by dwarf galaxies and open clusters, but not by GCs. Therefore even interpreting the blue stars as blue stragglers would not support the notion that Crater is a typical GC.
The photometry suggests that the metallicity of this younger population has the same metallicity of the main population; this is expected. Such low-mass galaxies (Laevens et al. 2014 estimated 6.8 × 10 3 M⊙) are expected to show a low metallicity dispersion. The reason is that they cannot effectively retain supernova ejecta.
We summarise the four observations that all favour the interpretation of Crater as a dwarf galaxy.
1. The likely association of Crater with Leo IV and Leo V, on the basis of its radial velocity. 2. The population blueward of the turn-off in the colourmagnitude diagram, which can be interpreted as a population that is 4.5 Gyr younger than the dominant population. 3. The lower limit to the velocity dispersion in the system implies that Crater is more massive than 47 Tuc. Since it is also less luminous than 47 Tuc, it must contain a significant fraction of dark matter. 4. Crater does not lie on the fundamental plane of GCs.
These observations are circumstantial, however, and cannot rule out the possibility that the system is a GC, if an atypical one. Nevertheless, from the information currently available, the dwarf galaxy hypothesis seems more plausible. 
Appendix A: lower limit to the radial velocity dispersion
The difference of two normal random variables with means µ 1 , µ 2 ), and standard deviations σ 1 , σ 2 follows a normal distribution, with σ = (σ 2 1 + σ 2 2 ) and mean µ 1 − µ 2 . Assuming that the velocity distribution is normal and ignoring the mea- surement errors, the velocity difference between two stars is expected to be normally distributed with a mean of 0 km s −1 and a standard deviation of √ 2σ v , where σ v is the standard deviation of the original distribution. Using the table on page 253 of Bevington & Robinson (1992) , which provides the integral of a Gaussian distribution, we derive that the integral between −1.96 ≤ z ≤ +1.96 is 0.95, where z = |x−µ| σ and µ is the mean. In our case, x=10.2 km s −1 , µ = 0 km s −1 and σ = √ 2σ v ; this implies that z = 1.96 corresponds σ v = 3.7km s −1 . In other words, there is a 95% probability that the parent velocity distribution has a σ > 3.7 km s −1 . If we take into account the errors, no conclusion can be reached because the measured radial velocities of the two stars are also consistent with a zero radial velocity dispersion.
